A discussion of results for short and long-range multiplicity correlations (forward-backward) are presented for several systems (Au+Au, Cu+Cu, and pp) and energies (e.g. 
Introduction
The study of long-range multiplicity correlations has a long history in e + − e − and p − p(p) experiments [1, 2] . More recently, these studies have been expanded to the realm of ultra-relativistic heavy ion collisions at RHIC [3] . Correlations that extend over a large range in pseudorapidity (η) have the potential to probe the early stages of heavy ion collisions. In hadron-hadron experiments, a linear relationship relating the multiplicity in the forward direction (N f ) to the average multiplicity in the backward direction (N b ) was found [4] :
The linear coefficient, b, is referred to as the correlation coefficient (or forward-backward correlation strength). The value, a, is a measure of uncorrelated particles. For the definition provided in Eq. (1.1) the maximum value of the forward-backward correlation strength, b, is one. This corresponds to complete correlation between the produced particles. For b = 0, all particles are uncorrelated. The relationship from Eq. (1.1) can be expressed in terms of the following expectation values [5] :
where D 2 b f and D 2 f f are the backward-forward and forward-forward dispersions, respectively. This result is exact and model independent [6] . All quantities in Eq. (1.2) are directly measurable. The large pseudorapidity and angular coverage of the STAR experiment at RHIC provides an ideal means to measure particle correlations with precision [7] .
In phenomenological particle production models, the hadronization of color strings formed by partons in the collision account for the produced soft particles. In the Dual Parton Model (DPM), at low energies, these strings are formed between valence quarks [5] . At higher energies, there are additional strings formed due to the increasing contribution from sea quarks and gluons. In the DPM, this production mechanism is predicted to produce long-range multiplicity correlations in pseudorapidity. A long-range correlation could be an indication of multiple elementary inelastic collisions in the initial stages of an A+A collision [5] . Additionally, the Color Glass Condensate (CGC) model predicts long-range correlations in association with the formation of an intermediate state, the Glasma [8] . The CGC model is a description of high density gluonic matter at small-x. In the CGC model, the incoming Lorentz contracted nuclei are envisioned as two sheets of colliding colored glass [9] . In the initial stage of the collision, the color electric and magnetic fields are oriented transverse to the beam direction (and each other). After the collision there are additional sources formed that produce longitudinal color electric and magnetic fields. This state is referred to as the Glasma, an intermediate phase between the CGC and Quark Gluon Plasma (QGP) [10] . The longitudinal fields provide the origin of the long-range correlation and are similar to the strings as formulated in the DPM.
Data Analysis
The data utilized for this analysis was acquired by the STAR (Solenoidal Tracker at RHIC) experiment at the Relativistic Heavy Ion Collider (RHIC) [7] . RHIC has delivered collisions of the heavy nuclei gold (Au) and copper (Cu), as well as proton-proton collisions. The data discussed here is from Au+Au, Cu+Cu, and pp collisions. For Au+Au collisions, the center-of-mass collision energies ( Chamber (TPC) [11] . The TPC is located inside a solenoidal magnet generating a constant, longitudinal magnetic field. For this analysis, data was acquired at the maximum field strength of 0.5 T. All charged particles in the TPC pseudorapidity range 0.0 < |η| < 1.0 and with p T > 0.15 GeV/c were considered. This η range was subdivided into forward and backward measurement intervals of total width 0.2η. The forward-backward correlations were measured symmetrically about η = 0 with varying η gaps (measured from the center of each bin), ∆η = 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, and 1.8 units in pseudorapidity. This is different than the standard two-particle correlation function, which utilizes a relative η difference for particle pairs. Figure 1 depicts a schematic representation of the forward-backward correlation and its measurement. The collision events were part of the minimum bias dataset. The minimum bias collision centrality was determined by an offline cut on the TPC charged particle multiplicity within the range |η| < 0. and N f N b for every event in that centrality. Therefore, all events falling within a particular centrality have the same correction. These were then used to calculate the backward-forward and forward-forward dispersions, D 2 b f and D 2 f f , binned according to the STAR centrality definitions and normalized by the total number of events in each bin. A strong bias exists if the centrality definition overlaps with the measurement interval in η space. Therefore, there are three η regions used to determine reference multiplicity: |η| < 0.5 (for measurements of ∆η > 1.0), 0.5 < |η| < 1.0 (for measurements of ∆η < 1.0), or |η| < 0.3 + 0.6 < |η| < 0.8 (for measurement of ∆η = 1.0). This is possible due to the flat η yield of the STAR TPC within the measurement ranges being considered. rapidly as a function of ∆η. It has been argued that the presence of these long-range correlations at larger than ∆η = 1.0 cannot be due to final state effects, and are therefore due to the conditions in the initial state [8] . This may be phenomenologically similar to fluctuations larger than the event horizon being created during an inflationary phase in the early universe that later become smaller than the event horizon [12] .
Results
The evolution of the forward-backward (FB) correlation strength as a function of centrality in √ s NN = 200 GeV Au+Au data is presented in Figure 3 . There is a smooth evolution in the trend from most central (0-10%) to mid-peripheral (40-50%) that shows a decrease of the FB correlation strength as a function of collision centrality. Were only short-range correlations present, the behavior for all centralities should resemble the 40-50% result. There appear to be long-range correlations for the top 30% central Au+Au data at √ s NN = 200 GeV.
The system size dependence of the FB correlation strength has been studied in Au+Au, Cu+Cu, and pp collisions. Figure 5 shows the system size dependence of the FB correlation strength for mid-peripheral (40-50%) Au+Au, Cu+Cu, and pp data at √ s NN = 200 GeV. As a function of the η gap both the heavy ion and pp result exhibit a similar evolution. There is good agreement between all three systems within the calculated errors. The data point closest to mid-rapidity is predominantly driven by short-range correlations. This is exhibited in the ordering of the data near mid-rapidity. The FB correlation strength for Au+Au is largest, followed by Cu+Cu, and pp, following a similar trend in multiplicity.
In addition to the system size dependence of the FB correlation strength, the energy dependence has also been studied. Data is available at several different energies for both heavy ions 
Discussion
The Dual Parton Model (DPM) ascribes the long-range correlation to fluctuations in the number of elementary, inelastic collisions, dictated by unitarity [6] . It was shown that the FB correlation strength for pp and mid-peripheral (40-50%) heavy ion data is dominated by short-range correlations. This contrasts with more central heavy ion data that exhibits a large value of the FB correlation strength for ∆η > 1.0. The experimental measurement of a long-range correlation is indicative of multiple partonic interaction in the case of central and semi-central heavy ion interactions.
One possible explanation of the centrality dependence of the FB correlation strength as shown in Figure 3 relates to the idea of the formation of a central, partonic core surrounded by a hadronic corona. This has been discussed in terms of hydrodynamic properties and finite formation time of the strongly interacting quark gluon plasma (sQGP) [13, 14] , as well as attempts to quantify individual contributions from the core and corona [15] . If the long-range correlation manifests due to partonic effects (as described in the DPM), the partonic core formed in heavy ion collisions would be the source of this correlation. It is expected from geometrical arguments that this partonic core would have a larger volume in central heavy ion collisions, compared to more peripheral overlap. Therefore, the increasing influence of a partonic corona would lead to a larger longrange correlation. The evolution with centrality also agrees with predictions from the DPM and CGC/Glasma phenomenologies. [8] 
Summary
The energy and system size dependence of the FB correlation strength, b, has been discussed. It has been studied for three colliding systems: Au+Au, Cu+Cu, and pp. The pp energies range from √ s NN = 400 to 62. These long-range correlations can be ascribed to multiple elementary inelastic collisions, which are predicted in the Dual Parton Model and the Color Glass Condensate/Glasma phenomenology. The centrality dependence of the FB correlation strength may indicate the increasing dominance of a partonic core in the resulting particle production.
